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TITLE OF THE INVENTION 
A NON-VOLATILE MEMORY CELL AND A METHOD OF CONTROLLING THE 
SAME 

BACKGROUND OF THE INVENTION 



(1) Field of the Invention 

10 The present invention relates to a non-volatile 

memory cell using a ferroelectric capacitor, and a method 
of controlling the same. 

(2) Description of the Related Art 

15 In recent years, the widespread use of portable 

devices has been driving the demand for non-volatile 
memories. Non-volatile memories which have been developed 
or suggested until now include flash memories, those 
called FERAMs utilizing the polarization of ferroelectric 

20 substances, those called MRAMs utilizing magnetic 

resistance, and those utilizing phase change materials, 
etc . 

Especially, many non- volatile memory cells using 
ferroelectric capacitors have been suggested, and memory 
25 cells having a high-speed latch function and a non- 
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volatile memory function have been also suggested. For 
example, there is a circuit which is generally called a 
shadow RAM and disclosed in the Japanese Patent No. 
2692641 (hereinafter referred to as "reference 1") and 
5 Japanese Unexamined Patent Publication No. 2000-293989 
(hereinafter referred to as "reference 2"). 

The circuit diagram of the shadow RAM disclosed 
in reference 1 is shown in Fig. 10. The circuit shown in 
Fig. 10 is configured to comprise a data latch section 

10 consisting of a pair of inverters, a pair of data lines, a 
control line, a pair of control transistors connected 
between the data lines and control line and a pair of 
ferroelectric capacitors connected between the data lines 
and the control line. The circuit of Fig. 10 usually 

15 operates in a similar manner to a flip-flop using the data 
lines. In order to achieve non-volatility, however, it 
operates in a different manner from a normal flip-flop. 
Specifically, the circuit controls the potential of the 
control line and saves data as the polarization states of 

20 the ferroelectric capacitors immediately before power is 
removed (hereinafter referred to as "STORE"). When power 
is turned on, the original data is recalled depending on 
the polarization states of the ferroelectric capacitors 
(hereinafter referred to as "RECALL"). 

25 The circuit diagram of the shadow RAM disclosed 
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in reference 2 is shown in Fig. 11. This circuit is 
configured to comprise a data latch section consisting of 
a pair of inverters, a pair of bit lines, a plate line, a 
pair of control transistors which connect the bit lines to 
5 the data latch section, a pair of ferroelectric capacitors 
connected between the data latch section and the plate 
line. Select transistors which select a cell in the 
shadow RAM are omitted in Fig. 11. The circuit turns on 
the select transistors and writes data during normal 

10 operation. Similarly, latched data is read by turning on 
the select transistors. In contrast, the STORE of data 
when power is removed is different from the normal flip- 
flop operation, the data in the latch section is written 
into the ferroelectric capacitors using the plate line. 

15 Also in the RECALL when power is turned on, the original 

data is recalled by controlling the potential of the plate 
line. 

However, the above known non-volatile memory 
cells have the following problems: 

20 In the circuits of Figs. 10 and 11, in the STORE, 

unlike in the flip-flop operation, the data of the latch 
section is written into the ferroelectric capacitors using 
the control line or plate line. That is, in order to 
control the polarization reversal operation of the 

25 ferroelectric capacitor, at least another signal line such 
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as the control line or plate line is necessary. 
Accordingly, a control signal for the signal line must be 
transmitted to the memory cell using an additional line. 
These circuits, therefore, need to have additional control 
5 lines and plate lines, which increases the number of 

electric wires. This disadvantage has been preventing the 
circuits from being used for FPGAs, which have a large 
number of electric wires by themselves . 

In normal flip-flop operation, to prevent 

10 voltage application to the ferroelectric capacitors, the 
potential approximately half the height of the supply 
voltage is applied to the plate line. However, a 
ferroelectric capacitor shows a minor loop which indicates 
that a certain degree of polarization is caused with the 

15 application of a voltage, even if it is lower than the 

coercive electric field. Therefore, the potentials of the 
storage nodes of the data latch section become easily 
displaced by the minor loop of the ferroelectric 
capacitors. Therefore, the relationship between the 

20 capacitance of the ferroelectric capacitor and the drive 
ability of the inverter which constitutes the data latch 
section must be set appropriately. However, it is 
difficult to design this relationship appropriately. As a 
result, the retained potential becomes unstable during 

25 normal latch operation, and there arises the problem of 
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being unable to keep the operation stable. 

Furthermore, although the relationship between 
the coercive electric field and the electric field of a 
polarization saturation point varies with ferroelectric 
5 substance materials, many kinds of ferroelectric 
capacitors usually have the electric field of a 
polarization saturation point twice as high as the 
coercive electric field or higher. Therefore, it is 
difficult to cause the saturation polarization of a 

10 ferroelectric capacitor unless the potential of a plate 
line is biased to a level equal to or higher than the 
ground potential or supply potential. For this reason, 
the capacitor would need to use a special booster circuit. 
Otherwise, even if a voltage about half the height of the 

15 supply voltage is preliminarily applied to the plate line, 
only an electric field twice as high as a normal electric 
field, at the highest, could be applied to the 
ferroelectric capacitor. That is, when a voltage about 
half the height of the supply voltage is applied to the 

20 plate line, an electric field equal to or lower than the 
coercive electric field is desirably applied to the 
ferroelectric capacitor. Considering this, even if the 
potential of the plate line is changed to the supply 
potential or the ground potential, it would be difficult 

2 5 to apply an electric field which causes the polarization 
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saturation of the ferroelectric substance to the 
ferroelectric capacitor. 

BRIEF SUMMARY OF THE INVENTION 

5 

An object of the present invention is to suggest 
a non-volatile memory cell which uses a ferroelectric 
capacitor, has less electric wires than known non- volatile 
memory cells and enables stable flip-flop operation, and a 

10 method of controlling the same. 

A first non-volatile memory cell according to 
the present invention which can attain the above object 
comprises: a latch circuit which comprises a first node 
and a second node and latches complementary data set in 

15 the first node and second node; a first switching element 
which connects the first node to a first data input/output 
line; a second switching element which connects the second 
node to a second data input /output line; a first 
ferroelectric capacitor which connects the second data 

20 input /output line to the first node; and a second 

ferroelectric capacitor which connects the first data 
input/output line to the second node. 

A first method of controlling a non-volatile 
memory cell according to the present invention which can 

25 attain the above object comprises: a latch circuit which 
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comprises a first node and a second node and latches 
complementary data set in the first node and the second 
node; a first switching element which connects the first 
node to a first data input /output line; a second switching 
5 element which connects the second node to a second data 
input /output line; a first ferroelectric capacitor which 
connects the second data input/output line to the first 
node; and a second ferroelectric capacitor which connects 
the first data input /output line and the second node; the 

10 method comprising a STORE step and a RECALL step; the 

STORE step comprising setting the potential of one of the 
first and second data input/output lines to a high level, 
setting the potential of the other data input/output line 
to a low level and turning on the first and second 

15 switching elements; the RECALL step comprising a first 

substep and a second substep; the first substep comprising 
setting the potential of a power line of the latch circuit 
to a ground potential, setting the potentials of the first 
and second data input/output lines to the ground potential 

20 and turning on the first and second switching elements; 
the second substep, which follows the first substep, 
comprising, in the state that the potentials of the first 
and second data input/ output lines are maintained at the 
ground potential, turning off the first and second 

2 5 switching elements and increasing the potential of the 
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power line of the latch circuit . 

A second non-volatile memory cell according to 
the present invention which can attain the above object 
comprises: a latch circuit which comprises a first node 
5 and a second node and latches complementary data set in 
the first node and the second node; a first switching 
element which connects the first node to a first data 
input /output line; a second switching element which 
connects the second node to a second data input/output 

10 line; a first ferroelectric capacitor and a second 

ferroelectric capacitor select element which are serially 
connected between the second data input /output line and 
the first node; and a second ferroelectric capacitor and a 
first ferroelectric capacitor select element which are 

15 serially connected between the first data input /output 
line and the second node; the first ferroelectric 
capacitor being connected to the first node; and the 
second ferroelectric capacitor being connected to the 
second node. 

20 A second method of controlling a non-volatile 

memory cell according to the present invention which can 
attain the above object comprise: a latch circuit which 
comprises a first node and a second node and latches 
complementary data set in the first and second nodes; a 

25 first switching element which connects the first node to a 
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first data input /output line; a second switching element 
which connects the second node to a second data 
input/output line; a first ferroelectric capacitor and a 
second ferroelectric capacitor select element which are 
5 serially connected between the second data input /output 
line and the first node; and a second ferroelectric 
capacitor and a first ferroelectric capacitor select 
element which are serially connected between the first 
data input/output line and the second node; the first 

10 ferroelectric capacitor being connected to the first node; 
and the second ferroelectric capacitor being connected to 
the second node; the method comprising a WRITE step, a 
READ step, a STORE step and a RECALL step; the WRITE step 
comprising turning off the first and second ferroelectric 

15 capacitor select elements, setting the potential of one of 
the first and second data input /output lines to a high 
level and the potential of the other data input /output 
line to a low level, turning on the first and second 
switching elements, and setting the potentials of the 

20 first and second nodes to those of the first and second 
data input /output lines respectively; the READ step 
comprising turning off the first and second ferroelectric 
capacitor select elements, turning on the first and second 
switching elements, and setting the potentials of the 

25 first and second data input/output lines to those of the 
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first and second nodes respectively; the STORE step 
comprising, in the state that complementary data are 
latched into the latch circuit, turning on the first and 
second ferroelectric capacitor select elements and the 
5 first and second switching elements; the RECALL step 

comprising a first substep and a second substep; the first 
substep comprising setting the potential of a power line 
of the latch circuit to the ground potential, setting the 
potentials of the first and second data input/output lines 

10 to the ground potential, and turning on the first and 
second switching elements and the first and second 
ferroelectric capacitor select elements; and the second 
substep, which follows the first substep, comprising, in 
the state that the first and second ferroelectric 

15 capacitor select elements are maintained in the ON state 
and the potentials of the first and second data 
input /output lines are maintained at the ground potential, 
turning off the first and second switching elements and 
increasing the potential of the power line of the latch 

20 circuit. 

A third method of controlling a non-volatile 
memory cell according to the present invention which can 
attain the above object comprise: a latch circuit which 
comprises a first node and a second node and latches 
25 complementary data set in the first and second nodes; a 
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first switching element which connects the first node to a 
first data input /output line; a second switching element 
which connects the second node to a second data 
input /output line; a first ferroelectric capacitor and a 
5 second ferroelectric capacitor select element which are 
serially connected between the second data input /output 
line and the first node; and a second ferroelectric 
capacitor and a first ferroelectric capacitor select 
element which are serially connected between the first 

10 data input /output line and the second node; the first 

ferroelectric capacitor being connected to the first node; 
and the second ferroelectric capacitor being connected to 
the second node; the method comprising a WRITE step, a 
READ step, a STORE step and a RECALL step; the WRITE step 

15 comprising turning off the first and second ferroelectric 
capacitor select elements, setting the potential of one of 
the first and second data input/output lines to a high 
level and the potential of the other data input/output 
line to a low level, turning on the first and second 

20 switching elements, and setting the potentials of the 

first and second nodes to those of the first and second 
data input/output lines respectively; the READ step 
comprising turning off the first and second ferroelectric 
capacitor select elements, turning on the first and second 

25 switching elements, and setting the potentials of the 



-11- 



first and second data input/output lines to those of the 
first and second nodes respectively; the STORE step 
comprising setting the potential of one of the first and 
second data input /output lines to a high level and setting 
5 the potential of the other data input/output line to a low 
level, according to the complementary data latched into 
the latch circuit, and turning on the first and second 
ferroelectric capacitor select elements; the RECALL step 
comprising a first substep and a second substep; the first 

10 substep comprising setting the potential of a power line 
of the latch circuit to the ground potential, setting the 
potentials of the first and second data input /output lines 
to the ground potential and turning on the first and 
second switching elements and the first and second 

15 ferroelectric capacitor select elements; and the second 
substep, which follows the first substep, comprising, in 
the state that the first and second ferroelectric 
capacitor select elements are maintained in the ON state 
and the potentials of the first and second data 

20 input /output lines are maintained at the ground potential, 
turning off the first and second switching elements and 
increasing the potential of the power line of the latch 
circuit . 

A third non-volatile memory cell according to 
25 the present invention which can attain the above object 
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comprises: a latch circuit which comprises a first node 
and a second node and latches complementary data set in 
the first and second nodes; a first switching element and 
a first control element which are serially connected 
5 between the first node and a first data input /output line; 
a second switching element and a second control element 
which are serially connected between the second node and a 
second data input /output line; a second ferroelectric 
capacitor and a first ferroelectric capacitor select 

10 element which are serially connected between the second 

node and a third node, the third node serially connecting 
the first switching element and the first control element; 
and a first ferroelectric capacitor and a second 
ferroelectric capacitor select element which are serially 

15 connected between the first node and a fourth node, the 
fourth node serially connecting the second switching 
element and the second control element; the first 
switching element being connected to the first node; the 
second switching element being connected to the second 

20 node; the first ferroelectric capacitor being connected to 
the first node; and the second ferroelectric capacitor 
being connected to the second node. 

A fourth method of controlling a non -volatile 
memory cell according to the present invention which can 

25 attain the above object comprise: a latch circuit which 
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comprises a first node and a second node and latches 
complementary data set in the first and second nodes; a 
first switching element and a first control element which 
are serially connected between the first node and a first 
5 data input /output line; a second switching element and a 
second control element which are serially connected 
between the second node and a second data input /output 
line; a second ferroelectric capacitor and a first 
ferroelectric capacitor select element which are serially 

10 connected between the second node and a third node, the 

third node serially connecting the first switching element 
and the first control element; and a first ferroelectric 
capacitor and a second ferroelectric capacitor select 
element which are serially connected between the first 

15 node and a fourth node; the fourth node serially 

connecting the second switching element and the second 
control element, the first switching element being 
connected to the first node; the second switching element 
being connected to the second node; the first 

20 ferroelectric capacitor being connected to the first node; 
and the second ferroelectric capacitor being connected to 
the second node; the method comprising a WRITE step, a 
READ step, a STORE step and a RECALL step; the WRITE step 
comprising turning off the first and second ferroelectric 

25 capacitor select elements, setting the potential of one of 
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the first and second data input/output lines to a high 
level and the potential of the other data input/output 
line to a low level, turning on the first and second 
switching elements and the first and second control 
5 elements, and setting the potentials of the first and 
second nodes to those of the first and second data 
input /output lines respectively; the READ step comprising 
turning off the first and second ferroelectric capacitor 
select elements, turning on the first and second switching 

10 elements and the first and second control elements, and 
setting the potentials of the first and second data 
input/output lines to those of the first and second nodes 
respectively; the STORE step comprising setting the 
potential of one of the first and second data input/output 

15 lines to a high level and the potential of the other data 
input/output line to a low level, according to the 
complementary data latched into the latch circuit, and 
turning on the first and second control elements and the 
first and second ferroelectric capacitor select elements; 

20 the RECALL step comprising a first substep and a second 
substep; the first substep comprising setting the 
potential of a power line of the latch circuit to the 
ground potential, setting the potentials of the first and 
second data input /output lines to the ground potential, 

25 and turning on the first and second switching elements, 
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the first and second ferroelectric capacitor select 
elements and the first and second control elements; the 
second substep, which follows the first substep, 
comprising, in the state that the first and second 
5 ferroelectric capacitor select elements and the first and 
second control elements are maintained in the ON state and 
the potentials of the first and second data input /output 
lines are maintained at the ground potential, turning off 
the first and second switching elements and increasing the 

10 potential of the power line of the latch circuit. 

A fifth method of controlling a non-volatile 
memory cell according to the present invention which can 
attain the above object comprise: a latch circuit which 
comprises a first node and a second node and latches 

15 complementary data set in the first and second nodes; a 

first switching element and a first control element which 
are serially connected between the first node and a first 
data input /output line; a second switching element and a 
second control element which are serially connected 

20 between the second node and a second data input /output 
line; a second ferroelectric capacitor and a first 
ferroelectric capacitor select element which are serially 
connected between the second node and a third node, the 
third node serially connecting the first switching element 

25 and the first control element; and a first ferroelectric 
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capacitor and a second ferroelectric capacitor select 
element which are serially connected between the first 
node and a fourth node, the fourth node serially 
connecting the second switching element and the second 
5 control element; the first switching element being 

connected to the first node; the second switching element 
being connected to the second node; the first 
ferroelectric capacitor being connected to the first node; 
and the second ferroelectric capacitor being connected to 

10 the second node; the method comprising a WRITE step, a 

READ step, a STORE step and a RECALL step; the WRITE step 
comprising turning off the first and second ferroelectric 
capacitor select elements, setting the potential of one of 
the first and second data input/output lines to a high 

15 level and the potential of the other data input /output 
line to a low level, turning on the first and second 
switching elements and the first and second control 
elements, and setting the potentials of the first and 
second nodes to those of the first and second data 

20 input/output lines respectively; the READ step comprising 
turning off the first and second ferroelectric capacitor 
select elements, turning on the first and second switching 
elements and the first and second control elements, and 
setting the potentials of the first and second data 

25 input/output lines to those of the first and second nodes 
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respectively; the STORE step comprising, in the state that 
the complementary data is latched into the latch circuit, 
turning off the first and second control elements and 
turning on the first and second switching elements and the 
5 first and second ferroelectric capacitor select elements; 
the RECALL step comprising a first substep and a second 
substep; the first substep comprising setting the 
potential of a power line of the latch circuit to the 
ground potential, setting the potentials of the first and 

10 second data input /output lines to the ground potential, 
turning on the first and second switching elements, the 
first and second ferroelectric capacitor select elements 
and the first and second control elements; the second 
substep, which follows the first substep, comprising, in 

15 the state that the first and second ferroelectric 

capacitor select elements and the first and second control 
elements are maintained in the ON state and the potentials 
of the first and second data input/output lines are 
maintained at the ground potential, turning off the first 

20 and second switching elements and increasing the potential 
of the power line of the latch circuit. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING 

25 Fig. 1 is a circuit diagram showing the non- 
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volatile memory cell according to the first embodiment of 
the present invention. 

Fig. 2 is a circuit diagram showing the case 
where the latch circuit of Fig. 1 is constructed from 
5 transistors . 

Fig. 3 is a circuit diagram showing the case 
where the latch circuit of Fig. 1 is constructed from 
transistors and resistors . 

Fig. 4 shows the relationship between the 
10 electric field applied to the ferroelectric capacitor and 
polarization . 

Fig. 5 is a timing chart for controlling the 
non-volatile memory cell according to the first embodiment 
of the present invention. 
15 Fig. 6 is a circuit diagram showing the non- 

volatile memory cell according to the second embodiment of 
the present invention. 

Fig. 7 is a timing chart for controlling the 
non-volatile memory cell according to the second 
20 embodiment of the present invention. 

Fig. 8 is a circuit diagram showing the non- 
volatile memory cell according to the third embodiment of 
the present invention. 

Fig. 9 is a timing chart for controlling the 
25 non -volatile memory cell according to the third embodiment 
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of the present invention. 

Fig. 10 is a circuit diagram showing the shadow 
RAM disclosed in reference 1 . 

Fig. 11 is a circuit diagram showing the shadow 
5 RAM disclosed in reference 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be 

10 described below referring to the accompanying drawings. 
(First embodiment) 

Fig. 1 is a circuit diagram showing the non- 
volatile memory cell according to the first embodiment of 
the present invention. The memory cell shown in Fig. 1 

15 comprises a latch circuit 1, a first data input/output 
line 2, a second data input/output line 3, a first 
switching element 4, a second switching element 5, a first 
node 6, a second node 7, a first ferroelectric capacitor 
8a and a second ferroelectric capacitor 8b. In this 

20 memory cell, the first node 6 is connected to the first 

data input/output line 2 via the first switching element 4, 
and the second node 7 is connected to the second data 
input/output line 3 via the second switching element 5. 
The first node 6 is connected to the second data 

25 input /output line 3 via the first ferroelectric capacitor 
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8a # and the second node 7 is connected to the first data 
input/output line 2 via the second ferroelectric capacitor 
8b. 

Fig. 1 shows the case where the latch circuit 1 
5 consists of two inverters , each of which reverses an input 
signal, i.e., outputs a low potential when a high 
potential is inputted thereto and outputs a high potential 
when a low potential is inputted thereto, and the input 
terminal of one inverter is connected to the output 

10 terminal of the other inverter. In this latch circuit 1, 
when one of the first and second nodes 6 and 7 is set to 
have a high potential and the other is set to have a low 
potential, the state of the input potential and output 
potential of the inverters is consistent with the 

15 inverting function of the inverters. Thus, the potential 
state of the first and second nodes 6 and 7 is stably 
maintained. 

Subsequently, the method of controlling the 
memory cell shown in Fig. 1 will be described. First, the 
20 method of controlling the memory cell in normal flip-flop 
operation will be described. 

In normal flip-flop operation, the first and 
second data input/output lines 2 and 3 are preliminarily 
given complementary data (the state that one has a high 
25 potential and the other has a low potential). In other 
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words, either the first or second data input/output lines 
2 or 3 is set to have the supply potential, and the other 
input/output line is set to have the ground potential. 
When the first and second switching elements 4 and 5 are 
5 turned on in this state, data is latched into the first 
and second nodes 6 and 7. This means that data is written 
in the memory cell. This operation of writing data is 
similar to that of a normal flip-flop. After this write 
operation is completed, the first and second switching 

10 elements 4 and 5 are turned off, and the potentials of the 
first and second data input/output lines 2 and 3 are 
changed to the ground potential. 

When data is read from the memory cell, the data 
latched into the latch circuit 1 is read from the first 

15 and second data input /output lines 2 and 3 by turning on 
the first and second switching elements 4 and 5. Thus, 
the data reading operation from this memory cell is 
similar to that of a normal flip-flop. 

Fig. 1 shows the case where the pair of 

20 inverters is used as a latch circuit 1. However, the 

circuit is not limited to this configuration as long as it 
has a similar function. For example, it may be a latch 
circuit comprising inverters each of which comprises a 
pair of complementary transistors as shown in Fig. 2 , or a 

25 resistor and a transistor as shown in Fig. 3. 
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The latch circuit shown in Fig. 2 comprises 
first-fourth transistors 11-14. The first and third 
transistors 11 and 13 are P-channel transistors, while the 
second and fourth transistors 12 and 14 are N-channel 
5 transistors. The first and second transistors 11 and 12, 
and the third and fourth transistor 13 and 14 are serially 
connected between a power line VDDL and the ground, 
forming first and second inverters INV1 and INV2 , 
respectively. The sources of the first and second 

10 transistors 11 and 12 are connected to the power line VDDL 
and the ground, respectively. The gates of the first and 
second transistors 11 and 12 are connected to each other 
to form an input terminal INI, while the drains of the 
first and second transistors 11 and 12 are connected to 

15 each other to form an output terminal OUT2 . Similarly, 

the sources of the third and fourth transistors 13 and 14 
are connected to the power line VDDL and the ground, 
respectively; the gates of the third and fourth 
transistors 13 and 14 are connected to each other to form 

20 an input terminal IN2; and the drains of the third and 

fourth transistors 13 and 14 are connected to each other 
to form an output terminal OUT2 . The input terminal INI 
and output terminal OUT2 are connected via the first node 
6, while the input terminal IN2 and output terminal OUT1 

2 5 are connected via the second node 7. 
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In the latch circuit of Fig. 2, when either the 
first or second node 6 or 7 is set to have a high 
potential and the other node is set to have a low 
potential, this state is maintained. For example, when 
5 the first and second nodes 6 and 7 are set to have a high 
potential and a low potential, respectively, the second 
and third transistors 12 and 13 are turned on, and the 
first and fourth transistors 11 and 14 are turned off. 
Accordingly, the first node 6 is connected to the power 

10 line VDDL via the fourth transistor 14, and maintains its 
high potential, and the second node 7 is connected to the 
ground via the second transistor 12, and maintains its low 
potential. That is, the potentials of the first and 
second nodes 6 and 7 are maintained at the initial setting 

15 level. 

The latch circuit shown in Fig. 3 comprises the 
fifth and sixth transistors 15 and 16, and the first and 
second resistors 17 and 18. The first resistor 17 and 
fifth transistor 15, and the second resistor 18 and sixth 

20 transistor 16 , are serially connected between the power 
line VDDL and the ground, forming a third inverter INV3 
and a fourth inverter INV4 , respectively. One end of the 
first resistor 17 is connected to the power line VDDL, 
while the other end is connected to the drain of the fifth 

25 transistor 15 which is an N-channel transistor, forming an 



-24- 



output terminal OUT3 . The source of the fifth transistor 
is grounded and the gate of the fifth transistor is an 
input terminal IN3. Similarly, one end of the second 
resistor 18 is connected to the power line VDDL, while the 
5 other end is connected to the drain of the sixth 

transistor 16 which is an N-channel transistor, forming an 
output terminal OUT4 . The source of the sixth transistor 
is grounded and the gate of the sixth transistor is an 
input terminal IN4 . The input terminal IN3 and output 

10 terminal OUT4 are connected via the first node 6, while 
the input terminal IN4 and output terminal OUT3 are 
connected via the second node 7 . 

In the latch circuit of Fig. 3, if the 
resistance values of the first and second resistors 17 and 

15 18 are set sufficiently high, and one of the first and 

second nodes 6 and 7 is set to have a high potential and 
the other node is set to have a low potential, that state 
is stably maintained. For example, when the first and 
second nodes 6 and 7 are set to have a high potential and 

20 a low potential, respectively, the fifth transistor 15 is 
turned on and the sixth transistor 16 is turned off. 
Accordingly, the first node 6 is connected to the power 
line VDDL via the second resistor 18, and maintains its 
high potential. In contrast, the second node 7 is 

25 connected to the ground via the fifth transistor 15, and 
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its potential becomes equal to the value caused by 
dividing the supply potential in accordance with the ratio 
of the resistance value of the first resistance 17 to the 
ON-resistance value of the fifth transistor 15. Therefore, 
5 if the resistance value of the first resistance 17 is 
sufficiently higher than the ON-resistance value of the 
fifth transistor 15, the second node 7 maintains the low 
potential. That is, the potentials of the first and 
second nodes 6 and 7 are maintained at the initial 

10 settings. When the first and second nodes 6 and 7 are set 
to have a low potential and a high potential, respectively, 
and the resistance value of the second resistance 18 is 
sufficiently higher than the ON-resistance value of the 
sixth transistor 16, the potentials of the first and 

15 second nodes 6 and 7 are maintained at the initial 
settings , similarly . 

In normal flip-flop operation, when the first 
and second switching elements 4 and 5 are turned on, the 
voltage Vdd - Vg - Vth, i.e., the value obtained by 

20 subtracting the threshold voltage (Vth) of the first and 
second switching elements 4 and 5 from the difference of 
the supply potential (Vdd) and the ground potential (Vg) , 
is always applied between terminals of each of the first 
and second ferroelectric capacitors 8a and 8b. Dielectric 

2 5 polarization occurs in the first and second ferroelectric 
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capacitors 8a and 8b, depending on the applied voltage. 
Fig. 4 shows the relationship between dielectric 
polarization and the electric field which is generated by 
the application of a voltage between terminals . 
5 Dielectric polarization is caused in the first 

and second ferroelectric capacitors 8a and 8b by the 
application of a voltage. The polarization state changes 
according to the hysteresis curve shown in Fig. 4. The 
electric field by which polarization is reversed is called 

10 a coercive electric field Ec. When the difference in the 
potentials of both terminals becomes greater than the 
coercive voltage (voltage corresponding to the coercive 
electric field Ec), the polarization of the first and 
second ferroelectric capacitors 8a and 8b are reversed. 

15 In this embodiment, the first and second ferroelectric 

capacitors 8a and 8b are set to have one terminal having 
the supply potential, and the other terminal having the 
ground potential when data is written in normal flip-flop 
operation. Thus, the electric field equal to or higher 

20 than the coercive electric field Ec is applied to the 

first and second ferroelectric capacitors 8a and 8b. Even 
when the electric field between both terminals of the 
ferroelectric capacitors is removed, the state where 
residual polarization is induced is maintained. The 

25 amount of the residual polarization after the electric 
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field is removed changes depending on the direction of the 
electric field. Non- volatility can be achieved by using 
this dependency in a manner described later. 

Fig. 5 is a timing chart which shows the above - 
5 described operations. In Fig. 5, Dl represents the 
potential of a first data input/output line 2; D2 
represents the potential of a second data input /output 
line 3; and WE represents the potential of the gates of 
the first and second switching elements 4 and 5. Ql and 

10 Q2 represent the potentials of the first and second nodes 
6 and 7, respectively, and VDDL represents the potential 
of the power line of the inverter which constitutes a 
latch circuit 1. Herein, the potential D2 of the second 
data input/output line 3 changes according to the changing 

15 pattern which is obtained by reversing the changing 

pattern of the potential Dl of the first data input/output 
line 2, i.e., reversing a high level (high potential) and 
a low level (low potential) of the potential Dl, except 
during the recall operation described later. 

20 A first period Tl in the normal operation mode 

of Fig. 5 represents the initial state before data writing. 
At this time, Dl is set at a low level; D2 is set at a 
high level; WE is set at a low level; and the first and 
second switching elements 4 and 5 are turned off. In Fig. 

25 5, it is assumed that Ql is at a low level (L) and Q2 is 
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at a high level (H) in the initial state. A second period 
T2 following the first period Tl is a write period, during 
. which Dl is set at a high level, D2 is set at a low level, 
and WE is set at a high level. Thus, the first and second 
5 switching elements 4 and 5 are turned on, and the 

potentials of the first and second nodes 6 and 7 are set 
to Dl and D2 , respectively. That is, Ql is set at a high 
level (H), and Q2 is set at a low level (L) . Then, Ql and 
Q2 are maintained at a high level (H) and a low level (L) , 

10 respectively, by the latch circuit 1, even if WE and Dl 
are set at a low level. 

Subsequently, the STORE and RECALL for achieving 
non- volatile function will be described. 

The STORE does not need any special write 

15 operation. This is because in this embodiment, 

polarization is always induced in the first and second 
ferroelectric capacitors 8a and 8b during the operation as 
a flip-flop, and thus data is stored, as already stated. 
In terms of operational stability, it is desirable that 

20 there is no difference in the potentials of both terminals 
of each of the first and second ferroelectric capacitors 
8a and 8b when power to the memory cell is removed. For 
example, the power line of the inverter of the latch 
circuit 1 is set at the ground potential; the first and 

2 5 second switching elements 4 and 5 are turned on, and then 
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the potentials of the first and second data input /output 
lines 2 and 3 are set to the ground potential. This 
procedure avoids an unwanted difference in the potentials 
of both terminals of each of the first and second 
5 ferroelectric capacitors 8a and 8b, that is, equalizes the 
potentials . 

By these operations, the data corresponding to 
the potentials of the first and second nodes 6 and 7 is 
stored in the first and second ferroelectric capacitors 8a 
10 and 8b. 

Subsequently, the RECALL will be described. The 
RECALL operation is performed as follows: 

When power supply to the non -volatile memory 
cell is started, first, the potential of the power line 

15 (not shown in Fig. 1) of the latch circuit 1 is set to the 
ground potential, and the potentials Dl and D2 of the 
first and second data input/output lines 2 and 3 are set 
to the ground potential. In this state, the first and 
second switching elements 4 and 5 are turned on. By this 

20 operation, the potentials of both the first and second 
nodes 6 and 7 become the same ground potential. 

Then, the first and second switching elements 4 
and 5 are turned off. Next, the potential of the power 
line of the inverters which constitute the latch circuit 1 

25 is increased. That is, for example, the potential of the 
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power line VDDL of the inverters shown in Figs. 2 or 3 is 
increased. 

At this time, the directions of the polarization 
of the first and second ferroelectric capacitors 8a and 8b 
5 are opposite to each other. That is, as shown in Fig. 4, 
the polarization of one of the first and second 
ferroelectric capacitors 8a and 8b is +Pr (point C) , and 
the polarization of the other capacitor is -Pr (point D) . 
The effective dielectric constant when a voltage is 

10 applied to the first and second ferroelectric capacitors 
8a and 8b may vary with the direction of polarization, 
that is, depending on whether the voltage causes a 
polarization reversal or not. In other words, when the 
capacitors have the polarization of +Pr and are forward- 

15 biased, they perform like paraelectric substances. On the 
other hand, when the capacitors have the polarization of - 
Pr and are forward- biased, they cause a polarization 
reversal in the vicinity of the coercive electric field Ec. 
Therefore, their effective dielectric constants will vary. 

20 Specifically, when the potential VDDL of the power line of 
the latch circuit 1 is increased, the potentials of the 
first and second nodes 6 and 7 start to increase. However, 
the effective dielectric constants of the first and second 
ferroelectric capacitors 8a and 8b vary depending on the 

25 polarization states of the first and second ferroelectric 
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capacitors 8a and 8b connected thereto, respectively. 
Therefore, there arises a difference between the 
increasing rates of the potentials of the first and second 
nodes 6 and 7 . When the supply voltage is further 
5 increased above the threshold voltage of the inverters 
which constitute the latch circuit 1, one of the 
potentials Ql and Q2 of the first and second nodes 6 and 7 
changes to the supply potential, and the potential of the 
other node changes to the ground potential depending on 

10 the polarization states of the first and second 

ferroelectric capacitors 8a and 8b. Thus, the RECALL 
operation is completed. 

The STORE and RECALL operations will be 
described in more detail with reference to Figs . 1 and 4 . 

15 As already stated, the STORE is automatically 

performed when a write operation is performed, as in a 
general flip-flop. That is, during a write period (second 
period T2 in Fig. 5), WE is set to a high level so that 
the first and second switching elements 4 and 5 are 

20 maintained in the ON state. Herein, assume that as shown 
in Fig. 5, the potential Dl of the first data input/output 
line 2 and the potential Ql of the first node 6 are at a 
high level, and the potential D2 of the second data 
input /output line 3 and the potential Q2 of the second 

2 5 node 7 are at a low level. In this case, the first 
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ferroelectric capacitor 8a is polarized in the direction 
of the adjacent arrow shown in Fig. 1, which corresponds 
to point A in Fig. 4. The second ferroelectric capacitor 
8b is polarized in the direction of the adjacent arrow 
5 shown in Fig. 1, which corresponds to point B in Fig. 4. 
The arrows are drawn from the low level to the high level. 

When power is removed in this state, the state 
of the first ferroelectric capacitor 8a changes from point 
A to point C, and the state of the second ferroelectric 
10 capacitor 8b changes from point B to point D. Then these 
states are maintained. Thus, the STORE operation is 
completed. 

When the power supply to the non-volatile memory 
cell is started, the RECALL operation starts. In the 

15 RECALL operation, as shown in Fig. 5, firstly the 

potential VDDL of the power line of the inverters which 
constitute the latch circuit 1 is set to the ground 
potential, and the potentials Dl and D2 of the first and 
second data input /output lines 2 and 3 are both set to the 

20 ground potential. In this state, the first and second 

switching elements 4 and 5 are turned on. This makes the 
first and second nodes 6 and 7 to have the same ground 
potential. 

Secondly, the first and second switching 
2 5 elements 4 and 5 are turned off. Then, the potential VDDL 
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of the power line of the inverters which constitute the 
latch circuit 1 is increased. 

Accordingly, the state of the first 
ferroelectric capacitor 8a changes from point C to point F 
5 via point A in Fig. 4. Therefore, the first ferroelectric 
capacitor 8a becomes to serve as a paraelectric substance. 
This polarization of the first ferroelectric capacitor 8a 
is not reversed. This is because the second data 
input /output line 3 which is connected to one terminal of 

10 the first ferroelectric capacitor 8a has the ground 

potential, and when the potential of the first node 6 
which is connected to the other terminal increases (the 
potential of the first node 6 does not become negative), 
voltages are applied to both terminals of the first 

15 ferroelectric capacitor 8a so that an electric field 

occurs in the direction of the adjacent arrow shown in Fig. 
1. 

Meanwhile, the state of the second ferroelectric 
capacitor 8b changes continuously from point B to D, G, A 

20 and F in Fig. 4. When the state changes from point G to 

point A, the polarization tends to reverse. This reversal 
requires an electric charge, and hence the effective 
dielectric constant becomes high. For this reason, when 
the potential of the power line of the inverters which 

25 constitute the latch circuit 1 is increased, the 
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increasing rate of the potential of the second node 7 
which is connected to the second ferroelectric capacitor 
8b is lower than that of the potential of the first node 6 
which is connected to the first ferroelectric capacitor 8a. 
5 This delay creates a difference between the potentials of 
the first node 6 and the second node 7 . When this 
difference becomes greater than the threshold of the 
inverters which constitute the latch circuit 1, the 
potentials of the first and second nodes 6 and 7 change to 

10 the supply potential and ground potential, respectively. 
Thus, the RECALL operation is completed. 

Described above is the RECALL operation after 
the STORE operation is performed with Dl and D2 at a high 
level and a low level, respectively. However, unlike in 

15 this case, when the STORE operation is performed with Dl 
and D2 at a low level and a high level, respectively, the 
potentials of the first and second nodes 6 and 7 are set 
to the ground potential and supply potential, respectively, 
by the RECALL operation. In other words, the stored 

20 potential states of the nodes can be recalled in both 
cases . 

As seen from the above, according to the non- 
volatile memory cell of this embodiment and the method of 
controlling the same, operations of both a normal flip- 
25 flop and a non -volatile memory mentioned above can be 
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achieved without using special additional electric wires. 
Therefore, it is easy to apply the memory cell according 
to this embodiment to devices with a large number of 
electric wires, such as FPGAs . 
5 When the above non-volatile memory cell is 

constructed, the first and second ferroelectric capacitors 
8a and 8b can be formed of a material which is used in 
ferroelectric memories such as SrBi 2 Ta 2 0 9 (SBT) , Bi 4 Ti 3 0 12 
(BIT), (Pb,Zr)Ti0 3 (PZT), a ferroelectric material based 

10 on these substances or a material having f erroelectricity . 
The production process can be any known process for 
producing ferroelectric memories . 

Although Fig. 5 shows the case where the first 
and second switching elements 4 and 5 are N-channel 

15 transistors, they are not limited to these but may be any 
elements that perform ON and OFF operations according to 
control signals, for example, P-channel transistors. 

(Second embodiment) 
20 The non -volatile memory cell according to the 

second embodiment of the present invention and the method 
for controlling the same will be described with reference 
to Fig. 6. 

Fig. 6 is a circuit diagram of the non-volatile 
2 5 memory cell according to this embodiment. The circuit 
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diagram of Fig* 6 differs from that of Fig. 1 (first 
embodiment) in that a first ferroelectric capacitor select 
element 21 is connected between the first data 
input/output line 2 and the second ferroelectric capacitor 
5 8b, and that a second ferroelectric capacitor select 
element 22 is connected between the second data 
input /output line 3 and first ferroelectric capacitor 8a. 
In Fig. 6, the components which are common to those in the 
circuit diagram of Fig. 1 are denoted by the same symbols, 

10 and their explanations are omitted. 

The first and second ferroelectric capacitor 
select elements 21 and 22 are to electrically disconnect 
the first and second ferroelectric capacitors 8a and 8b 
from the first and second data input/output lines 2 and 3. 

15 Specifically, in normal flip-flop operation, the first and 
second ferroelectric capacitor select elements 21 and 22 
are turned off to disconnect the first and second 
ferroelectric capacitors 8a and 8b from the first and 
second data input/output lines 2 and 3. In this state, 

20 data is written and read according to the timing chart 
shown in Fig. 5 by controlling the potential WE. 

Fig. 7 shows the timing chart for controlling 
the non-volatile memory circuit shown in Fig. 6. In Fig. 
7, FE represents the potential of the gates of the first 

25 and second ferroelectric capacitor select elements 21 and 
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22. The other symbols have the same meanings as in Fig. 5. 

The operational reliability in normal operation 
is improved by disconnecting the first and second 
ferroelectric capacitors 8a and 8b from the first and 
5 second data input/output lines 2 and 3 during normal flip- 
flop operation. More specifically, the first and second 
ferroelectric capacitors 8a and 8b can be prevented from 
polarization reversal during normal flip-flop operation, 
that is, unnecessary polarization reversal operation can 

10 be inhibited, and therefore an increase in power 

consumption caused by polarization reversal can be 
prevented. In addition, the electric influence by the 
first and second ferroelectric capacitors 8a and 8b can be 
removed during normal flip-flop operation. This enables 

15 high-speed and stable operation. 

The STORE is automatically performed in normal 
flip-flop operation in the circuit of Fig. 1. However, in 
the circuit of Fig. 6, as demonstrated in the STORE 
operation mode in Fig. 7, it is necessary to turn on the 

20 first and second switching elements 4 and 5, turn on the 
first and second ferroelectric capacitor select elements 
21 and 22, and save the complementary data latched as the 
polarization states of the first and second ferroelectric 
capacitors 8a and 8b, before power to the non- volatile 

2 5 memory cell is removed. When the complementary data 
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corresponding to the data latched are set in the first and 
second data input/output lines 2 and 3, the STORE 
operation is possible even if the first and second 
switching elements 4 and 5 are turned off , as long as the 
5 first and second ferroelectric capacitor select elements 
21 and 22 are turned on. 

When power to the non -volatile memory cell is 
removed as in the first embodiment, it is desirable to do 
so in the state that there is no difference in the 
10 potentials of both terminals of each of the first and 
second ferroelectric capacitors 8a and 8b. For this 
reason, the potential of the power line of the inverters 
of the latch circuit 1 is set to the ground potential; the 
potentials of the first and second data input/output lines 
15 2 and 3 are set to the ground potential; and the first and 
second switching elements 4 and 5 and the first and second 
ferroelectric capacitor select elements 21 and 22 are 
turned on. Then, power to the memory cell is removed. 

As shown in the RECALL operation mode in Fig. 7, 
20 the RECALL operation is performed in the manner as 

described in the first embodiment in the state that the 
potential FE is at a high level and the first and second 
ferroelectric capacitor select elements 21 and 22 are in 
the ON state. Specifically, when power to the non- 
25 volatile memory cell is supplied, WT and FE are set to a 
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high level and the first and second switching elements 4 
and 5 and the first and second ferroelectric capacitor 
select elements 21 and 22 are turned on, in the state that 
the potential VDDL of the power line of the inverters 
5 which constitute the latch circuit 1 is set to the ground 
potential, and the potentials Dl and D2 of the first and 
second data input/output lines 2 and 3 are both set to the 
ground potential. Thus, the potentials of the first and 
second nodes 6 and 7 are set to the same ground potential. 

10 Next, in the state that FE is maintained at a 

high level to maintain the first and second ferroelectric 
capacitor select elements 21 and 22 in the ON state and 
the potentials of the first and second data input/output 
lines Dl and D2 are maintained at the ground potential, WT 

15 is changed to a low level and the first and second 

switching elements 4 and 5 are turned off. Then, the 
potential VDDL of the power line of the inverters which 
constitute the latch circuit 1 is increased. 

Accordingly, when the RECALL operation is 

20 performed after the STORE operation is performed in the 

state that Dl and D2 are at a high level and a low level, 
respectively, as in the first embodiment, and the 
potential of the power line of the inverter which 
constitutes the latch circuit 1 is increased, the 

25 increasing rate of the potential of the second node 7 
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which is connected to the second ferroelectric capacitor 
8b becomes lower than that of the first node 6 which is 
connected to the first ferroelectric capacitor 8a. This 
delay creates a difference in the potentials of the first 
5 node 6 and second node 7. When this difference exceeds 
the threshold potential of the inverter which constitutes 
the latch circuit 1, the potentials of the first and 
second nodes 6 and 7 change to the supply potential and 
ground potential, respectively. Thus, the RECALL 

10 operation is completed. 

Described above is the case where the RECALL 
operation is performed after the STORE operation is 
performed with Dl and D2 at a high level and a low level, 
respectively. However, unlike in this case, when the 

15 STORE operation is performed with Dl and D2 at a low level 
and a high level, respectively, the potentials of the 
first and second nodes 6 and 7 are set to the ground 
potential and supply potential respectively, by the RECALL 
operation. In other words, the stored potential states of 

20 the nodes can be recalled in both cases. 

As described above, according to the non- 
volatile memory cell of this embodiment and the method of 
controlling the same, as in the first embodiment, 
operations of both a normal flip-flop and a non-volatile 

25 memory can be achieved without using special additional 
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electric wires. Furthermore, high-speed and stable 
operation and reduced power consumption can be achieved 
since the ferroelectric capacitors are disconnected in 
normal flip-flop operation. 
5 Fig. 6 shows the case where the first and second 

ferroelectric capacitor select elements 21 and 22 are N- 
channel transistors. However, the elements are not 
limited to these and may be discrete transistors, or 
inverters (for example, clocked inverters) which can be 
10 turned on or off by control signals. Other elements 
having similar functions may also be used. 

When simple MOSFET transistors are used, it is 
desirable to increase the gate bias to prevent a fall in 
the driving voltage, as is normally performed. 

15 

(Third embodiment) 

The non-volatile memory cell according to the 
third embodiment of the present invention and the method 
of controlling the same will be described with reference 

20 to Fig. 8. Fig. 8 is a circuit diagram showing the non- 
volatile memory cell according to this embodiment. 

The circuit diagram of Fig. 8 differs from that 
of Fig. 6 (second embodiment) in the following points: a 
first control element 31 is connected between the first 

25 switching element 4 and the first data input /output line 
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2; the first ferroelectric capacitor select element 21 is 
connected to a third node 9 which serially connects the 
first switching element 4 and the first control element 
31; a second control element 32 is connected between the 
5 second switching element 5 and the second data 

input/output line 3; and the second ferroelectric 
capacitor select element 22 is connected to a fourth node 
10 which serially connects the second switching element 5 
and the second control element 32. This allows the memory 

10 cell according to this embodiment to attain stable 

operations described later. In Fig. 8, the components 
which are common to those in the circuit diagrams of Figs . 
1 and 6 are denoted by the same symbols, and their 
explanations are omitted. 

15 This memory cell enables, by the use of the 

first and second controlling elements 31 and 32, not only 
to electrically disconnect the first and second 
ferroelectric capacitors 8a and 8b from the latch circuit 
but also to be selected. Therefore, such a memory cell 

20 characteristically facilitates the selection of a memory 
cell when memory cells are arranged in an array. 
Regardless of whether the first and second ferroelectric 
capacitors 8a and 8b are electrically disconnected or not, 
the use of the first and second control elements 31 and 32, 

25 which function as switching elements, allows to select the 
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memory cell itself. In other words, the memory cell 
itself can be electrically disconnected from the first and 
second data input/output lines 2 and 3 by turning off both 
first and second controlling elements 31 and 32. 
5 Fig. 9 is the timing chart of the operation of 

the non-volatile memory cell according to this embodiment 
shown in Fig. 8. In Fig. 9, CE represents the potential 
of the gates of the first control element 31 and the 
second control element 32. The other symbols have the 

10 same meaning as those in Fig. 7. 

Since the normal flip-flop operation (the period 
during which the mode is "normal operation" in Fig. 9) of 
the memory cell shown in Fig. 8 is nearly the same as that 
of the first embodiment, its detailed description is 

15 omitted. However, the following point should be noted: 
In normal flip-flop operation, WE is always at a high 
level; the first and second switching elements 4 and 5 are 
in the ON state; FE is always at a low level; and the 
first and second ferroelectric capacitor select elements 

20 21 and 22 are in the OFF state. Therefore, as shown in 

Fig. 9, each time CE becomes high, Ql and Q2 of the first 
and second nodes 6 and 7 become equal to Dl and D2 at that 
time , respectively . 

In the STORE operation (period when the mode is 

25 "STORE operation" in Fig. 9), before power to the non- 
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volatile memory cell is removed, complementary data are 
set in the first and second data input/output lines 2 and 
3; CE is then increased to a high level so that the first 
and second control elements 31 and 32 are turned on; and 
5 at the same time WE is changed to a low level so that the 
first and second switching elements 4 and 5 are turned off, 
and FE is changed to a high level so that the first and 
second ferroelectric capacitor select elements 21 and 22 
are turned on. Accordingly, the first and second 

10 ferroelectric capacitors 8a and 8b become polarized in a 
certain manner, and data is stored. Since the potentials 
Dl and D2 of the first and second data input /output lines 
2 and 3 are set to the potentials corresponding to the 
latched data at this time, the first and second switching 

15 elements 4 and 5 may be in the ON state. The STORE can be 
steadily performed by setting the potentials Dl and D2 of 
the first and second data input/output lines 2 and 3 to 
those corresponding to the latched data. 

It is also possible to perform the STORE 

20 operation in the ferroelectric capacitors by the following 
procedure: CE is set to a low level and the first and 
second controlling elements 31 and 32 are turned off; both 
WE and FE are changed to a high level so that the first 
and second switching elements 4 and 5 and the first and 

25 second ferroelectric capacitor select elements 21 and 22 
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are turned on, thereby using only the complementary data 
latched into the first and second nodes 6 and 7. After 
the STORE operation is completed, WE is set to a low level 
and the first and second switching elements 4 and 5 are 
5 turned off. 

After the STORE, the power line of the inverters 
of the latch circuit 1 is set to the ground potential, and 
then the first and second switching elements 4 and 5, the 
first and second ferroelectric capacitor select elements 

10 21 and 22, and the first and second control elements 31 

and 32 are turned ON, and then the potentials Dl and D2 of 
the first and second data input /output lines 2 and 3 are 
set to the ground potential. Thereafter, power to the 
memory cell is removed. By this procedure, the potentials 

15 of both terminals of each of the first and second 

ferroelectric capacitors 8a and 8b are set to the ground 
potential. This is because it is desirable in terms of 
operational stability, as in the first and second 
embodiments . 

20 As shown in the recall operation mode in Fig. 9, 

the RECALL operation is performed in the state that CE is 
at a high level and the first and second controlling 
elements 31 and 32 are in the ON state, in a manner 
similar to that described in the second embodiment. 

25 Specifically, when power supply to the non-volatile memory 
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cell is started, firstly, in the state that the potential 
VDDL of the power line of the inverters which constitute 
the latch circuit 1 is set to the ground potential, and in 
the state that the potentials Dl and D2 of the first and 
5 second data input /output lines 2 and 3 are both set to the 
ground potential, WE, FE and CE are changed to a high 
level so that the first and second switching elements 4 
and 5, the first and second ferroelectric capacitor select 
elements 21 and 22, and the first and second control 

10 elements 31 and 32 are turned on. By this procedure, the 
potentials of the first and second nodes 6 and 7 are set 
to the same ground potential. 

Secondly, while maintaining FE and CE at a high 
level and maintaining the first and second ferroelectric 

15 capacitor select elements 21 and 22 and the first and 

second control elements 31 and 32 in the ON state, WE is 
changed to a low level so that the first and second 
switching elements 4 and 5 are turned off. Then, the 
potential VDDL of the power line of the inverters which 

20 constitute the latch circuit 1 is increased. 

Accordingly, when the RECALL operation is 
performed after the STORE operation is performed in the 
state that Dl and D2 are at a high level and a low level, 
respectively, as in the first and second embodiments, and 

25 the potential of the power line of the inverters which 
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constitute the latch circuit 1 is increased, the potential 
increasing rate of the second node 7 which is connected to 
the second ferroelectric capacitor 8b becomes lower than 
that of the first node 6 which is connected to the first 
5 ferroelectric capacitor 8a. This delay creates a 

difference in the potentials of the first node 6 and 
second node 7. When this difference exceeds the threshold 
potential of the inverters which constitute the latch 
circuit 1, the potentials of the first and second nodes 6 

10 and 7 change to the supply potential and ground potential, 
respectively. Thus, the RECALL operation is completed. 

Described above is the case where the RECALL 
operation is performed after the STORE operation is 
performed with Dl and D2 at a high level and a low level, 

15 respectively. However, unlike in this case, when the 

STORE operation is performed with Dl and D2 at a low level 
and a high level, respectively, the potentials of the 
first and second nodes 6 and 7 are set to the ground 
potential and supply potential, respectively, by the 

20 RECALL operation. In other words, the stored potential 
states of the nodes can be recalled in both cases. 

As seen from the above, according to the non- 
volatile memory cell of this embodiment and the method of 
controlling the same, as in the first embodiment, 

2 5 operations of both a normal flip-flop and a non- volatile 
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memory can be achieved without using special additional 
electric wires. Furthermore, as in the second embodiment, 
high-speed and stable operation and reduced power 
consumption can be achieved in normal flip-flop operation. 

5 

(INDUSTRIAL APPLICABILITY) 

The present invention can provide a non-volatile 
memory cell which operates at high speed and in a stable 
manner with reduced power consumption in normal flip-flop 
10 operation without increasing the number of electric wires, 
and a method for controlling the same. Therefore, the 
present invention can be applied to devices with a large 
number of electric wires , such as FPGAs . 
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